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[57] ABSTRACT

A safety monitoring circuit for use in an electrosurgical
unit is disclosed.- The circuit is useful to indicate a fauit
in the return path between an RF source and a patient
electrode in contact with a patient to prevent electrical
burns to the patient that can occur due to improper
patient contact with the patient electrode or a break in
the return path. The circuit includes a current sensor
connected in series in the return path to the RF source,
which sensor provides an output indicative of the
sensed current that is coupled through a DC amplifier
to a comparator, the comparator providing an output
only if a predetermined threshold is exceeded. When a
comparator output is provided, a timer is triggered to
energize, for a predetermined period of time, an alarm
to indicate a sensed fault and/or actuate disabling cir-
cuitry to terminate application of electrical energy to
the active electrode utilized in electrosurgery for cut-
ting or coagulation.

8 Claims, 2 Drawing Figures

30; £ 15 M5,
/ " )
| 18 25
| - { ]
AL f
- 29 /7
I 3/ 33 35
2 | D [ _
' CURRENT | DC | I TRIGGERED
| SENSOR AMPLIFIER % COMPARATOR =¥ * 1)MER
| —
RELAY - 37
A~

ALARM



4,231,372

-1

287

CoyaInL L _
| qasasg i 1 [ HOLVEVANOD

Gs ££ /£

43141"TdNV
ol ¢

~ Sheet 1 of 2

(4

rc

Lz

US Patent . ‘Nov. 4; 1980

g

HOSN3S

6c

IN3¥aNo|

30 0 O (

s



14,231,372

 MOSN3S
. 1IN3INHND
S ~ Woud
B LNdNI
- 3
L
O |
%
_ ~tG
% 29
- 64 2L T 96 EG
< _ _ 69 ] _ -
- o | ; - A—  AO2+ —. A= AOZ+
,_m...  A09+ - - __ AOZ + _ - _ o _ 99
;
>  AOZ+



4,231,372

1

SAFETY MONITORING CIRCUIT FOR
ELECTROSURGICAL UNIT

FIELD OF THE INVENTION

This invention relates to a safety monitoring circuit,
and, more particularly, relates to a circuit for monitor-
ing the current in the return path of an electrosurgical
unit.

BACKGROUND OF THE INVENTION

Electrosurgery has found widespread use in the medi-
cal field to perform cutting and coagulating operations.
Normally, the patient is placed in contact with a patient
electrode or plate connected to the patient terminal of a
radio frequency (RF) source. The active terminal of the
RF source is then connected to the active electrode of
an electrosurgical instrument which is commonly uti-
lized as a cutting or coagulating electrode when
brought into patient contact. When so utilized, the RF
source applies a high density current to the active elec-
trode at a relatively high voltage and this causes a local-
ized cutting or coagulating action. The current, after
flowing through the active electrode, 1s normally re-
turned through the patient plate to the RF source. To
insure a low current density other than at the active
electrode, the patient plate is designed to contact the
patient over a relatively large area. This results in the
needed low current density and thus prevents the oc-
currence of localized electrical burns as long as the
patient plate contacts the patient over the large area.

If the return path connecting the patient plate to the
RF source is broken, however, or if the patient should
move out of contact with a large area of the patient
plate, it has been found that electrical burns can result
since there is no longer a low current density connec-
tion for return of the RF energy. Such a burn could
occur, for example, where there is a secondary return
contact to the patient since current can flow through
the secondary return contact and thus cause localized

burning of the patient at the point where the secondary

return contacts the patient.

Such secondary return contacts could exist, for exam-
ple, where monitoring electrodes are connected to the
patient, where there is grounded adjacent metallic
equipment, or where vertical supports are utilized for
supporting ancillary equipment such as overhead lights.
Since such secondary contacts with the patient are com-

monly in localized areas, the current density at these
areas can be high and hence result in electrosurgical
burns at these contact points.

Electrosurgical burns as described hereinabove can
be quite severe since the patient 1s often unconscious
during surgery and hence the existence of a condition
causing such a burn could go unnoticed for a consider-
able length of time.

One method for minimizing the burn hazard that has
been suggested 1s to provide an isolated output. It has
been found, however, that the safety of such a circuit 1s
limited by RF leakage currents, which depend upon
output-to-ground capacitances and the RF waveform.
When these factors preclude the use of an isolated out-
put, an internal ground applied to the patient terminal
becomes necessary. -

While safety circuits have been suggested and/or
utilized heretofore in an attempt to prevent such a con-
dition or to at least minimize burns where such a condi-
tion comes into existence, it has been found that advan-
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tages can be obtained by utilizing a safety circuit with
components different from those heretofore suggested
and/or utilized. An electrosurgical safety circuit is
shown, for example, in U.S. Pat. No. 3,683,923 issued
Aug. 15, 1972, to Robert K. Anderson and assigned to
the assignee of the present invention.

SUMMARY OF THE INVENTION

This invention provides an improved safety monitor-
ing circuit that is particularly useful in an electrosurgi-
cal unit to sense the current flow in the return path and
responsive thereto indicating a fault due to improper
patient contact with the patient electrode or a disrup-
tion in the normal return path. The safety monitoring
circuit of this invention is capable of preventing large
current flow through an internal ground under a fault
condition where such a ground is needed as brought out
hereinabove. The described embodiment of the inven-
tion includes a current sensor the output from which i1s
coupled to a comparator which provides an output
when a predetermined threshold is exceeded with the
output from the comparator triggering a timer that
energizes, for a predetermined period of time, an alarm
and/or disables the RF current flow in the utilization
means.

It is, therefore, an object of this invention to provide
a new and novel safety monitoring circuit.

It is another object of this invention to provide a new
and novel safety monitoring circuit that is useful in an
electrosurgical unit to prevent patient burns.

It is still another object of this invention to provide a
new and novel safety monitoring circuit that is accurate

and quite reliable.

It is another object of this invention to provide a new
and novel safety monitoring circuit that actuates an
alarm for a predetermined period of time if a ground
fault 1s sensed.

It is still another object of this invention to provide a
new and novel safety monitoring circuit for an electro-
surgical unit that automatically disrupts, for a predeter-
mined period of time, the application of power to an
active electrode in contact with a patient upon sensing
of a return fault.

It is yet another object of this.invention to provide a
new and novel safety monitoring circuit that includes a
current sensor, a comparator, and a timer which are
utilized in combination to actuate fault indicating means
when current sensed in a return path exceeds a prede-
termined level. | |

With these and other objects in view, which will
become apparent to one skilled in the art as the descrip-
tion proceeds, this invention resides in the novel con-
struction, combination, and arrangement of parts sub-
stantially as hereinafter described, and more particu-
larly defined by the appended claims, it being under-
stood that such changes in the precise embodiment of
the herein disclosed invention are meant to be included
as come within the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate a complete
embodiment of the invention according to the best
mode so far devised for the practical application of the
principles thereof, and in which:

FIG. 1 is a diagram, partially in pictorial, block and
schematic form, illustrating the safety monitoring cir-
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cuit of this invention incorporated into an electrosurgi-

cal unit; and -
FIG. 2 is an electrical schematic dmgram of a pOl‘thI]

of the safety monitoring device shown in block form in
FIG. 1. |

DESCRIPTION OF THE INVENTION

Referring to the drawings, the numeral 7 indicates
generally the safety monitoring circuit of this invention
and is shown incorporated into an electrosurgical unit 9.
Electrosurgical units of the type illustrated are well
known and accordingly only those portions of the unit
necessary for an understanding of the safety monitoring
circuit of this invention are described herein.

As shown in FIG. 1, secondary winding 11 of the
output transformer of an RF source (not shown) is
connected at the active side through active path, or
conductor, 12 to an electrosurgical instrument, or ac-
tive electrode, 13. As is well known, such an electrosur-
gical instrument is commonly utilized for either cutting
or coagulating (or a combination of both) and is brought
into contact with a patient 15 at the point where an
operation is to be performed. As also indicated in FIG.
1, the patient is preferably placed into contact with a
relatively large patient electrode or plate, 17 which i1s
connected to the return conductor 18, which conductor
provides a return path to the patient terminal of second-
ary winding 11.

As also indicated in FIG. 1, sw1tches 20 and 21, acti-
vated by a relay 22, can be provided in the line to dis-
rupt application of RF power from an RF source to the
electrosurgical instrument contactable with the patient
and with the return path from the patient electrode to
such an RF source. A secondary or parallel return path
has been indicated in FIG. 1 by means of lead 24 and
resistor 25. As brought out hereinabove, such a path
could be established in several diverse manners.

As also shown in FIG. 1, current flow through the
secondary return path 24 and resistor 235 1s returned to
secondary winding 11 through current sensor 27 and
capacitor 29 connected in series with one another. In
the prior art, the secondary return through path 24 and
resistor 25 was commonly directly through ground
back to secondary winding 11.

Current sensor 27 i1s preferably an RF thermocouple
which is a device that is inherently sensitive to rms
current, and is thus desirable for electrosurgical use
where threshold current is preferably not dependent
upon the mode of operation (i.e., cut, coagulatlon or a
combination of both)

Capacitor 29 is optional and provides an impedance
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-opened and thus terminates the application of RF en-

ergy to a patient. The switching arrangement provided
by relay 22 and switches 20-21 could, of course, be
provided by other arrangements, such as, for example,
by supplying a control signal to the RF source circuitry
(not shown) to effect a decrease of the output level of
the RF source. When utilizing such an arrangement, an
output from interface means 33 could be coupled to an
RF generator driving transformer winding (not shown)
at the RF source to be controlled.

The use of a current sensor placed in series with the
ground line allows use of circuitry including a compara-
tor to establish a threshold such that current above a
certain value will trigger the alarm and/or disabling
circuit, while permitting currents below the threshold
level to pass without energizing the alarm and/or dis-
abling circuit. In addition, by providing a variable refer-
ence voltage to the comparator, the threshold can, of
course, be adjusted as desired. When the sensed current
from the current sensor exceeds the comparison refer-
ence voltage, an output is provided to timer 35 to ener-
gize the alarm 37 and/or disabling circuit. Timer 33 1s
utilized so that the alarm and/or disabling circuit can be
energized for only a predetermined amount of time so
that reset action is unnecessary in that the apparatus will
automatically reset at the end of the timed period.

FI1G. 2 1illustrates, in electrical schematic form, DC
amplifier 31, comparator 33, triggered timer 35, and
alarm 37, along with associated circuitry. While not
shown, a shield can be provided for amplifier 31 and
comparator 33. As shown, the input from the RF ther-
mocouple (current sensor) 27 is coupled to the positive
(4) input (pin 5) of DC amplifier 31 through series
connected resistors 39 and 40 with resistor 39 being
connected at one side to resistor 41 and at the other side
to ground through capacitor 43 with the other side of

resistor 40 being connected to ground through capaci-
tor 44.
The other side of thermocouple 27 is connected to the

negative (—) input (pin 4) of DC amplifier 31 through

- series connected resistors 46 and 47 with resistor 46

435

50

which has a low value at RF frequencies and a high

value at low frequencies so that the 60 Hz line fre-
quency sink capability of the electrosurgical unit will
not be dangerous. Capacitor 29 may be, for example, a
single capacitor having a high value such that its impe-
dance at the frequencies where RF current will be con-

33

ducted will be low so that the voltages across the

ground line will be sufficiently low to prevent a hazard

to the patient. Such a capacitor may be, for example, of 60

a value of 2000 pf.

As also shown in FIG. 1, the output from current
sensor 27 is coupled through DC amplifier, or signal
conditioning means, 31 to comparator, or interface
means, 33. The output from comparator 33 i1s coupled to
triggered timer 35, the output from which is utilized to

energize alarm 37 and/or relay 22. The energization of

relay 22, of course, causes switches 20 and 21 to be

65

being connected at one side to resistor 41 and at the
other side with ground through capacitor 49, while
resistor 47 i1s connected at the other side with ground
through capacitor 50. In addition, pins 4 and 10 of DC
amplifier 31 are connected through resistor 51, and pin
11 is connected to a 420 volt power supply through
resistor 53 which resistor has capacitor 54 connected
with ground at the pin 11 side thereof. Pin 6 of DC
amplifier 31 is connected to a — v supply through rests-
tor 56 which resistor has capacitor §7 connected with
ground at the pin 6 side thereof.

The output from DC amplifier 31 is coupled from pin

10 through resistor 59 to the negative (—) input side

(pin 2) of comparator 33. Comparator 33 has a resistor
60 connected between pins 2 and 6, with pin 3 being
connected through resistor 62 to the center tap of po-
tentiometer 63. Potentiometer 63 1s connected in series
with resistor 65 to define a voltage divider between the
+20 volt power supply and ground. The junction of
potentiometer 63 and resistor 65 has a by pass capacitor
66 to ground, while the pin 3 side of resistor 62 has a by
pass capacitor 67 to ground. Pin 7 of comparator 33 1s
connected with the +20 volt power supply through
resistor 69 and with ground through by pass capacitor
70. Pin 4 of comparator 33 is connected with the —v
supply through resistor 72 and with ground through by
pass capacitor 73. |
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The output from comparator 33 is taken from pin 6
and coupled through series connected resistors 75 and
76 to pin 2 of triggered timer 35, with the junction
between resistors 75 and 76 having a by pass capacitor
77 to ground. Power 1s supplied to timer 35 through 5
series connected resistor 79 and Zener diode 80 with
resistor 81 being connected to the junction of resistor 79
and pins 4 and 8 of the timer. In addition, capacitor 82
1s connected between ground and pins 4 and 8 of the
timer, while pin § is connected with ground through 10
capacitor 83, and pin 7 1s connected with ground
through capacitor 84.

The output from triggered timer 35 is taken through
resistor 86 to the base of transistor 87, the emitter of
which 1s connected with ground while the collector is 15
connected through resistor 89 to indicator 37, which
indicator, in turn, is connected to a 460 volt power
supply. The parallel output from timer 35 is taken
through resistor 90 and coupled to relay 22.

Particular components which have been utilized in a 20
working embodiment of this invention are as follows, it
being realized that the particular components specified
are for illustration only and that the invention is not
meant to be limited thereto:

DC amplifier 31—1.M207 25
Comparator 33—741

Timer 35—NES555

Zener diode 80—5.6 V

Transistor 87—2N3568

Resistors (ohms): 39, 40, 46 and 47-—510 ohms; 41—10 30

ohms; 31—510K; §3, 56, 69, 72 and 79—51 ohms; 59

and 62—>5.6K; 60—5.6M; 65-—20K; 75 and 76—1K;

81—1.8M; 86 and 90—2.2K; and 89100 ohms
Potentiometer 63—0 to 20 Kohms
Capacitors: 29—2000 pf; 43, 44, 49, 50, 54, 57, 67,70, 73, 35

77, 82 and 83—0.01 ufd; 66 and 84—1 ufd.

In operation, the safety monitoring. circuit of this
invention, when used with an electrosurgical unit,
senses current flow in the return path and so long as the
current flow remains below a predetermined level, as 40
determined by the reference voltage at the comparator
33, the electrosurgical unit operates normally and the
circuit continues to monitor current flow without af-
fecting operation of the electrosurgical unit. If the flow
exceeds a predetermined maximum level, then compar- 45
ator 33 provides an output which triggers the triggered
timer 35 and the output from the timer 35 energizes an
alarm 37 which is shown as a light but could be an
audible alarm, if desired. In addition, the output from
triggered timer 35 can also be utilized to terminate the 50
application of RF energy to the electrosurgical instru-
ment contactable with a patient. As indicated, this can
be accomplished by utilizing a relay 22, for example, to
open switches 20 and 21. At the end of the timed period,
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as determined by timer 35, the alarm 37 1s deenergized
and the circuit automatically reactivated to apply agam
RF energy to the electrosurgical instrument. This pre-
cludes the necessity of resetting by the operator and, of
course, if the fault has not been corrected, the alarm 37
will again be energized and application of power again
discontinued if disabling circuitry is utilized. After the
fault has been corrected, the automatic reset occurring
at the end of the timed period will cause normal opera-
tion of the electrosurgical unit to be resumed.

What is claimed is:

1. A radio-frequency electrosurgical device which
comprises a radio-frequency generator, a power lead
and a return lead, means for coupling the power lead
and the return lead to the radio-frequency generator, an
active electrosurgical electrode, means for coupling the
power lead to the active electrosurgical electrode to
power the active electrode, a passive electrode, means
for coupling the passive electrode to the return lead,
alternate path return means for coupling the return lead
to ground at a point between the passive electrode and
the radio-frequency generator, and means in the alter-
nate path return means for indicating a predetermined
radio-frequency return in the alternate path return
means.

2. A device as in claim 1 where said indicating means
in the alternate path return means is sensitive to rms
current.

3. A device as in claim 1 including frequency sensitive
impedance means disposed in series with said indicating
means in the alternate path return means having a first
value of impedance at 60 Hz and a second value of
impedance at a frequency substantially greater than 60
Hz where the second value is less than that of the first
value.

4. A device as in claim 3 where said frequency sub-
stantially greater than 60 Hz is a radio frequency corre-
sponding to that of the radio-frequency generator.

5. A device as in claim 3 where said frequency sensi-
tive impedance means 1s a capacitor.

6. A device as in claim 5 where the value of said
capacitor is about 2000 pf.

7. A device as in claim 1 including timing means
responsive to said indicating means in the alternate
return path means for preventing the application of the
output of said radio-frequency generator to said active
and passive electrodes for a predetermined period of
time after the indicating means indicates said predeter-
mined radio-frequency return.

8. A device as in claim 1 where saild means for cou-
pling the power and return leads to the radio-frequency

generator comprises a transformer.
% % 2k % L
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